Enantiomerically pure N- (3, and N- (3,5-dichlorophenyl)-2-hydroxysuccinimide-O-sulfates (NSC) have been synthesized in our laboratory in order to address their selectively related nephrotoxic mechanism. The key step for NDHS synthesis is the intramolecular nucleophilic cyclization via the amide N-atom with retention of configuration of the original stereogenic center. The corresponding sulfate conjugates (R)-NSC and (S)-NSC were prepared by reaction of enantiomeric NDHS with chlorosulfonic acid at -78 °C.
Succinimide derivatives have been widely used as agricultural, industrial and pharmaceutical agents. One of the N-arylsuccinimides, N- (3,5-dichlorophenyl) succinimide (NDPS), was first developed in Japan as an agricultural fungicide in 1972. 1 However, NDPS has not been widely used as an agricultural agent due to potential health concerns. NDPS induces nephrotoxicity as its major toxicity, 2, 3 but the chemical species responsible for ultimately inducing renal damage is still unclear.
Previous studies in our laboratory have determined that the ultimate nephrotoxicant species (a) are derived from the oxidative metabolites of NDPS, 4, 5 such as N-(3,5-dichlorophenyl)-2-hydroxysuccinimide (NDHS) and/or N-(3,5-dichlorophenyl)-2-hydroxysuccinamic acid (2-NDHSA) (b) may be the sulfate or glucuronide conjugates of these two metabolites. 6, 7, 8 Racemic NDHS 9 and N- (3,5- 10 have been synthesized in our laboratory in order to address their selectively related nephrotoxic mechanism. In our further studies of elucidating the ultimate nephrotoxic chemical species, enantiomerically pure NDHS and NSC were needed to determine the role of stereochemistry in the nephrotoxicity induced by N-phenylsuccinimides. Recently, we prepared enantiopure (R)-NDHS, (S)-NDHS, (R)-NSC and (S)-NSC by using D-malic acid and L-malic acid as precursors. original stereochemical orientation is retained in the chloralides, since the mechanism of this reaction involves formation of carbonium ions in the chloral hydrate molecule followed by addition of -OH groups from the malic acid moiety (Scheme 1). Refluxing the chloralides (2a and 2b) with thionyl chloride followed by the reaction with 3,5-dichloroaniline afforded (R)-NDHS (3a, in 81% yield) and (S)-NDHS (3b, in 78% yield). In the chloralides, the unmasked carboxy groups of malic acids were reacted with thionyl chloride and 3,5-dichloroaniline to form the intermediate amide moiety. The added organic base triethylamine reacted with the released hydrochloric acid, preventing 3,5-dichloroaniline from forming an ammonium chloride salt. Subsequent intramolecular nucleophilic cyclization via the amide N-atom and cleavage of the protecting dioxolane group under acidic conditions afforded enantiopure (R)-NDHS and (S)-NDHS respectively, since the chiral carbon atoms in 2a and 2b do not participate in the cyclization or deblocking steps. The corresponding sulfate conjugates (R)-NSC (4a) and (S)-NSC (4b) were prepared as Na salts by reaction of enantiomeric NDHS with chlorosulfonic acid at -78 °C followed by neutralization with saturated sodium bicarbonate solution in a 68% and 70% yield, respectively. This method of sulfate ester formation was selected because previous studies have demonstrated retention of stereochemical orientation when chlorosulfonic acid is used to prepare sulfate esters of alcohols. 11 Ethyl acetate was chosen as the reaction solvent for its good solubility with NDHS and low melting point (-84 °C). Due to the extreme readiness of NSC to hydrolyze to the starting material NDHS and/or form side products (maleimide or diester 10 ) at higher temperatures, the reaction of NDHS with chlorosulfonic acid was performed at a low temperature (-78 °C). Mild neutralization conditions were also used to minimize hydrolysis of the sulfate group and the succinimide ring.
In summary, the method described here is a general and convenient synthetic route to preparing the enantiopure nephrotoxicant species NDHS and NSC. The configuration of the stereogenic centers in D-and L-malic acid is totally maintained during the synthesis.
Column chromatography was performed with 230-400 mesh size silica gel purchased from Aldrich Chemical Co. 3,5-Dichloroaniline was purchased from Fluka, all other chemicals were purchased from Aldrich or Sigma Chemical Co. and used as received. Melting points were determined with a Mel-Temp apparatus and are uncorrected. Infrared (IR) spectra were recorded by a Perkin-Elmer model 297 spectrophotometer. Sample pellets were produced with spectroscopic grade potassium bromide. Results are presented in terms of frequency in cm -1 .
1 H NMR spectra were recorded on a Varian 200 MHz spectrometer. The chemical shifts were expressed in ppm (d) downfield from acetone-d 6 or MeOH-d 4 as an internal standard. A Rudolph Autopol III Automatic Polarimeter was used as the polarimeter to determine specific rotations. Elemental analyses were performed by Atlantic Microlab, Inc., Georgia, USA.
Chloralides of D-and L-Malic Acid (2a,2b)
A mixture of chloral hydrate (18.84 g, 113.9 mmol), D-or L-malic acid (13.46 g, 100.4 mmol) and concd H 2 SO 4 (25 mL) was stirred for 3 h at r.t. The reaction mixture was then poured into ice H 2 O (250 mL) with stirring. The collected precipitate was washed with H 2 O (2 × 50 mL) and dissolved in EtOAc (250 mL). The organic layer was washed with sat. NaCl (2 × 50 mL) solution, dried with anhyd Na 2 SO 4 
(R)-and (S)-N-(3,5-Dichlorophenyl)-2-hydroxysuccinimide (NDHS) (3a,3b)
A mixture of chloralide 2a or 2b (10.00 g, 37.97 mmol) and SOCl 2 (30 mL) was refluxed for 4 h. The excess SOCl 2 was distilled and the residue was dissolved in anhyd toluene (75 mL). 3,5-Dichloroaniline (6.00 g, 37.04 mmol) and Et 3 N (10 drops) were added, and the mixture was refluxed under N 2 overnight. The mixture was then washed with H 2 O (2 × 50 mL), sat. NaCl soln (2 × 50 mL), dried with anhyd Na 2 SO 4 , and concentrated. The crude residue was purified by column chromatography using silica gel as solid support and a solvent gradient of EtOAc-hexane (0-30%), producing (R)-N- give the Na salt of (R)-N- (3,5- 
